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LQWKHPRGHUQVWHHOEULGJHVDQGEXLOGLQJ>@
-RLQWDUUDQJHPHQWVDUHXVXDOO\FKRVHQWRUHVLVWQRUPDOIRUFHVPRPHQWVRUVKHDUIRUFHVEHWZHHQGLIIHUHQWW\SHVRI
PHPEHUVWKDWLQIOXHQFHVWKHPHFKDQLFDOEHKDYLRURIWKHZKROHVWUXFWXUHDQGLWVFRVW>@
,QPDQ\VWHHOEULGJHVWRUHDFKWKHWDUJHWOHQJWKRIJLUGHUVWKHEROWHGFRQQHFWLRQVDUHXVHGWRWUDQVIHUIRUFHVWHQVLRQ
DQGFRPSUHVVLRQRUDQGEHQGLQJPRPHQWVEHWZHHQWKHFRQQHFWHGPHPEHUVRUVSOLFHVPDOOPHPEHUV&RYHUSODWH
MRLQWVORDGHGLQWHQVLRQDUHXVHGLQEUDFLQJPHPEHUVRIWUXVVW\SHEULGJHVRUDVVSOLFHSDWHLQWHQVLRQIODQJHVDQG
ZHEV7KLVFRQQHFWLRQW\SHLVGHVLJQHGWRVXSSRUWWKHWHQVLRQIRUFHVE\EROWVKHDUUHVLVWDQFHQHWDQGJURVVVHFWLRQ
DUHDRIWKHFRQQHFWHGSODWHVDQGVKHDUUHVLVWDQFHRIWKHFRQQHFWHGSDUWV+LJKVWUHQJWKEROWVFDQEHXVHGWRPRELOL]H
WKHVKHDUUHVLVWDQFHDQGUHODWLYHVOLSWKURXJKWKHIULFWLRQDWWKHLQWHUIDFHEHWZHHQWKHFRQQHFWHGSODWHV7KXVZKHQ
H[WHUQDOVKHDUIRUFHLVDSSOLHGWKHIULFWLRQDOUHVLVWDQFHSUHYHQWVWKHUHODWLYHVOLSEHWZHHQWKHSODWHV>@
7KH REMHFWLYH RI WKLV VWXG\ LV WR DQDO\]H WKH EHKDYLRU RI FRYHUSODWH FRQQHFWLRQV $ ILQLWH HOHPHQW PRGHO LV
GHYHORSHGDQGYDOLGDWHGRQWKHEDVLVRISXEOLVKHGH[SHULPHQWDOUHVXOWV7KHPRGHOLVWKHQXVHGWRPDNHDSDUDPHWULF
VWXG\WRHYDOXDWHWKHHIIHFWVRIGLIIHUHQWSDUDPHWHUVVXFKDVGLVWDQFHVDQGVSDFLQJRIEROWVSODWHWKLFNQHVVDQGVWHHO
JUDGH7KHREWDLQHG)(UHVXOWVDUHFRPSDUHGZLWKGLIIHUHQWDQDO\WLFDOIRUPXODHJLYHQE\WZRGHVLJQFRGHV(&DQG
$,6&/5)'7KHDQDO\VLVLVIRFXVHGRQDVLQJOHVKHDUEROWHGSODWHZKLFKLVWKHEDVLVUHSUHVHQWLQJWKHPDLQIDLOXUH
PRGHVREVHUYHGLQFRYHUSODWHFRQQHFWLRQV7KHFRPSDULVRQFRQFHUQVPDLQO\WKHXOWLPDWHFDSDFLW\DQGWKHIDLOXUH
PRGHV
$QDO\WLFDODSSURDFKHV
7KHIDLOXUHPRGHVREVHUYHGLQWKHFRYHUSODWHFRQQHFWLRQVDUHOLVWHGKHUHDIWHUZLWKWKHDQDO\WLFDOIRUPXODHXVHGE\
WKH(XURFRGH>@DQG$,6&/5)'>@WRSUHGLFWWKHLUFRUUHVSRQGLQJVWUHQJWKV>@

• VKHDUIDLOXUHRIWKHEROWV
• IDLOXUHRIFRQQHFWHGPHPEHUVGXHWRIUDFWXUHRUEORFNVKHDUDQGHGJHWHDULQJRIWKHFRQQHFWHGSODWHRUWHDULQJRI
WKHFRQQHFWHGSODWHEHWZHHQWZREROWKROHV
• H[FHVVLYHEHDULQJGHIRUPDWLRQDWWKHEROWKROHDQG
• WHQVLRQIDLOXUHLQSODWHGXHWR\LHOGLQJRUIUDFWXUHRISODWHDWJURVVVHFWLRQ$JRUSODWHIUDFWXUHFURVVWKHKROHV
VHFWLRQDWQHWVHFWLRQDUHD$Q

7KHFRPSDULVRQEHWZHHQWKHJHRPHWULFDOUHTXLUHPHQWVRIWKHWZRFRGHVVKRZVWKDWWKH\KDYHVRPHFRPPRQSRLQWV
DQGGLIIHUHQFHV,Q WKHWZRFRGHVHQODUJHGKROHVDUHXVHGGHSHQGLQJRQWKHEROWVL]H>@)RUKROHVSRVLWLRQV WKH
PLQLPXPHQGDQGHGJHGLVWDQFHV)LJDUHJLYHQLQ7DEOH)RUWKHPD[LPXPYDOXHLQMRLQWVQRWH[SRVHGWR
FRUURVLYHLQIOXHQFHVWKHUHDUHQRVSHFLILHGOLPLWV>@
7DEOH0LQLPXPGLVWDQFHVGHVLJQYDOXHV







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(QGGLVWDQFHH GR GR
(GJHGLVWDQFHH GR GR
6SDFLQJS GR GR
6SDFLQJS GR GR
GRLVWKHEROWGLDPHWHU
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)LJ6\PEROVRIEROWVVSDFLQJ>@
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2.1. Bearing strength  
0DWHULDOEHDULQJVWUHQJWKPD\EHOLPLWHGHLWKHUE\EHDULQJGHIRUPDWLRQRIWKHKROHRUE\WHDURXWDEROWE\EROW
EORFNVKHDUUXSWXUHRIWKHPDWHULDOXSRQZKLFKWKHEROWEHDUV>@7HDURXWHQGSXOORXWDQGEHDULQJUHVLVWDQFHDUH
FRPELQHGWRJHWKHULQRQHHTXDWLRQLQ(&(T
tfkF ubRdb  α= 
ZKHUH
• k1 LVWKHVPDOOHUYDOXHVRIk1=(2.8e2/d0 í1.7)  2.5LIWKHEROWVDUHDWWKHHGJHRIWKHSODWHDQGk1=(1.4p2/d0 Ѹ 1.7) 
ӊ 2.5IRULQWHUQDOEROWV
• ĮbLVWKHVPDOOHUYDOXHRIȘd  e3do  ӊ1IRUDQHQGEROWDQGĮd = (p1/3d0 í 0.25)   1 IRULQWHUQDOEROW7KHYDOXHV
e1/3d RUp1/3d0 í 0.25)DUHLQFRUUHVSRQGHQFHWRWHDULQJIDLOXUHVKHDUIDLOXUHDWH[WHUQDOKROHDQGIRUEHDULQJ
IDLOXUH>@
• fuLVWKHXOWLPDWHVWUHQJWKRISODWHPDWHULDO
• dLVWKHKROHGLDPHWHUDQGtLVWKHSODWHWKLFNQHVV

)RUJURXSRIKROHV(&DGGVDQRWKHUFKHFNLQJIRUEORFNWHDULQJFRPELQLQJVKHDUDQGWHQVLRQLQWKHSODWH(T

nvunuRdeff AfAfV  += 

ZKHUHAntLVWKHQHWDUHDVXEMHFWHGWRWHQVLRQAnvLVWKHQHWDUHDVXEMHFWHGWRVKHDUZKLFKLVUHODWHGWRLnvQHWVKHDU
OHQJWKDQGfyLVWKH\LHOGVWUHQJWK
%XW$,6&VHSDUDWHVEHDULQJDQGWHDURXWLQWRWZRIRUPXOD7KHXOWLPDWHEHDULQJVWUHQJWKRISODWHVDWEROWKROHRn
LVJLYHQE\WKHHTXDWLRQ

uon ftdCR = 

CLVHTXDOWRRUGHSHQGLQJRQW\SHRIKROHDQGRUGHIRUPDWLRQFDSDFLW\RIKROHWRVXEPLWWKHHOOLSWLFDO
VKDSHDWXOWLPDWHORDGZKLFKLVLOOXVWUDWHGLQVHFWLRQ->@
7KHIRUPXODRIWHDULQJLV

( ) uoucn ftdCftLorR  ≤= 

ZKHUHLcLVWKHFOHDUGLVWDQFHLQWKHGLUHFWLRQRIWKHIRUFHEHWZHHQWKHHGJHRIWKHKROHDQGWKHHGJHRIWKHDGMDFHQW
KROHRUHGJHRIWKHSODWH
)RU EORFN VKHDU WKH VHFWLRQ VWUHQJWK IRU EORFN VKHDU UXSWXUH LV ORFDWHG DORQJ WKH VKHDU IDLOXUH SDWK DQG WKH
SHUSHQGLFXODUSDWKRIWHQVLRQIDLOXUHFDQEHWDNHQDV>@

untbsygvuntbsunvn FAUfAFAUfAR  +≤+= 

ZKHUHAgvLVWKHJURVVDUHDVXEMHFWWRVKHDUUbs=1ZKHQWHQVLRQVWUHVVLVXQLIRUPDQG0.5 ZKHQWHQVLRQVWUHVVLV
QRQXQLIRUP7KHUHFRPPHQGHGYDOXHUbs=0.5 PXVWEHXVHGLQGHVLJQFHQWUHRIEORFNQRWPDWFKFHQWUHRIORDGLQJ>@
2.2. Strength of plates in tension 
7KHVWUHQJWKRIWKHFRQQHFWHGSODWHVORDGHGLQWHQVLRQVKDOOEHWKHORZHUYDOXHREWDLQHGDFFRUGLQJWRWKHOLPLWVWDWHV
RIWHQVLOH\LHOGLQJDQGWHQVLOHUXSWXUH
• )RUWHQVLOH\LHOGLQJRIFRQQHFWLQJHOHPHQWVWKHVDPHH[SUHVVLRQLVXVHGLQWKHWZRFRGHV

ygRdpl fAN  = 
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• )RUWHQVLOHUXSWXUHRIFRQQHFWLQJHOHPHQWVHTXDWLRQLVXVHGLQ(&DQGHTXDWLRQVDQGDUHXVHGLQ$,6&
unRdu fAN  = 
 uen fAR = 
gne AAA ≤= 
 
ZKHUHAeLVWKHHIIHFWLYHQHWDUHD7RFDOFXODWHAePPPXVWEHDGGHGWRWKHQRPLQDOKROHGLDPHWHU
6SHFLPHQVSURSHUWLHV
0DQ\VSHFLPHQV PP[PPZLWKDQGPPSODWH WKLFNQHVV t IRXUPPKROHVGLDPHWHU d
FRQQHFWHGZLWKKLJKVWUHQJWKPPdoEROWVDUHVWXGLHG6VWHHOPDWHULDOLVXVHGIRUWKHWKLQSODWHZKLOHDVWLIIHU
VWHHOPDWHULDOIRUWKHWKLFNSODWH6DQGKLJKVWUHQJWKEROWVFODVVDUHXVHGWRHQVXUHWKHIDLOXUHDWWKHWKLQ
SODWHZLOOKDSSHQHGILUVWO\7KHPDWHULDOSURSHUWLHVIRUDOOWKHFRPSRQHQWVDUHOLVWHGLQ7DEOH7KHVHSDUDPHWHUVDUH
QRWUHDOLVWLFIRUEULGJHDQGODUJHEXLOGLQJVDSSOLFDWLRQVEXWWKH\FDQKHOSWRXQGHUVWDQGWKHEDVLFPHFKDQLFDOEHKDYLRU
RIFRYHUSODWHFRQQHFWLRQV
7DEOH0DWHULDOVSURSHUWLHV
Steel 
grade
Modulus of elasticity 
E (kN/mm2)
Yielding stress  
fy  (N/mm2)
Tensile stress  
fu  (N/mm2)
S275 210 278.4 444.9
S450 210 450 570
Class 8.8 211 639.3 806.4

7RREWDLQYDULRXVIDLOXUHPRGHVGLIIHUHQWFRPELQDWLRQVRIe1, e2, p1 DQG p2DUHFRQVLGHUHGZLWKVRPHYDOXHVRXWRI
UDQJHRIWKHFRGHVOLPLWV7KXVWKHYDOXHVFRQVLGHUHGDUHHQGGLVWDQFHH 1, 1.5, 2, 2.5,3)xdoHGJHGLVWDQFHe2 
1, 1.5, 2)xdoVSDFLQJp1 2, 2.5, 3)xdoDQGp2  3)xdo7KHVHYDOXHVOHDGWRGLIIHUHQWFRQILJXUDWLRQVIRUWKH
VDPHWKLFNQHVV7KHQDPHRIHDFKVSHFLPHQUHSUHVHQWVLWVJHRPHWU\IRUH[DPSOH(3*7( e13 p1* e2RU
6 p2DQG7UHSUHVHQWSODWHWKLFNQHVV
)LQLWH(OHPHQWV6LPXODWLRQVDQG9DOLGDWLRQ
$EDTXV FRPPRQO\ XVHG WR VLPXODWH WKH FRQQHFWLRQ SUREOHPV LV FKRVHQ LQ WKLV VWXG\ 7KH WKUHHGLPHQVLRQDO
HOHPHQW&G5DKH[DKHGUDOQRGHVEULFNHOHPHQWZLWKKRXUJODVVFRQWUROOHGUHGXFHGLQWHJUDWLRQ>@ LVXVHG 
,QVWHDGRIQRPLQDOVWUHVVVWUDLQın-İnFXUYHREWDLQHGIURPWHQVLOHFRXSRQWHVWWUXHVWUHVVVWUDLQıt-İtFXUYHLVXVHG
WRWDNHLQWRDFFRXQWWKHFKDQJHLQWKHFURVVVHFWLRQDUHDIRUKLJKVWUDLQV(TDQG(TUHSUHVHQWWKHPDQQHUWRFRQYHUW
QRPLQDOVWUHVVDQGVWUDLQWRWUXHVWUHVVDQGVWUDLQ>@
 nnt εσσ += 

OQ nt εε += 

7RPRGHOWKHHODVWLFUDQJHWUXHPRGXOXVRIHODVWLFLW\EtLVFDOFXODWHGIURPHTZLWKȞ =0.3
 
Et = first non-zero ıt / first non-zero İt                                                                                                                  

$OOQRQOLQHDULWLHV PDWHULDOJHRPHWULFDODQGFRQWDFWDUHFRQVLGHUHG7KHFRQWDFW LVPRGHOHGEHWZHHQ WKH WZR
SODWHVDQGWKHEROWVZLWKIULFWLRQEHWZHHQDOOWKHVXUIDFHV6\PPHWU\ERXQGDU\FRQGLWLRQLVXVHGWRVLPXODWHRQO\RQH
KDOIRIWKHJHRPHWU\LQWKHSXUSRVHRIFDOFXODWLRQVWLPHUHGXFWLRQ'LIIHUHQWPHVKHVZLWKGLIIHUHQWPHVK]RQHVDUH
WHVWHGWRRSWLPL]HWKH)(UHVXOWV)URPOD\HUWROD\HUVGLYLVLRQVLQWKHWKLFNQHVVGLUHFWLRQDUHH[DPLQHGWKH
OD\HUVWKLFNQHVVPHVKSURYLGHVJRRGUHVXOWVUDWKHUWKDQWKHPHVKHVZLWKDQGOD\HUVZKLOHWKHPHVKHVZLWK
DQGOD\HUV WDNHPRUH FRPSXWDWLRQDO WLPHZLWK QR VLJQLILFDQW HQKDQFHPHQW LQ WKH UHVXOWV (LJKW\ HOHPHQWVZLWK
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DSSUR[LPDWHO\FXELFVKDSHW[W[WDURXQGHDFKKROHDUHDGRSWHGIRUVSHFLPHQVZLWKPPWKLFNQHVVDVD
EHVWVKDSHWRUHSUHVHQWWKHJHRPHWU\RIWKHFLUFXODUKROHDQGWRGLVWULEXWHWKHORDGLQJLQWKHFRQWDFWDUHDLQDJRRG
PDQQHU -DFRELDQGLVWRUWHGHOHPHQWV IDLOXUHGXH WRHOHPHQWVVHOILQWHUVHFWLQJ LVSUHYHQWHGE\GLYLGLQJ WKHSODWH LQ
GLIIHUHQW]RQHVZLWKGLIIHUHQWPHVKGLVWULEXWLRQV$VVHHQ LQ ILJ WKH WKLFNSODWH LV IL[HG LQ LWVHQG WR UHVLVW WKH
LPSRVHGGLVSODFHPHQWZKLFKLVVXEPLWWHGDWWKHWKLQQHUSODWHDQGWKLVGLVSODFHPHQWLVDSSOLHGG\QDPLFLQFUHPHQW
VL]HQRQIL[HGLQFUHPHQWVL]H
7KHILQLWHHOHPHQWPRGHOLVYDOLGDWHGFRPSDULQJLWVUHVXOWVZLWKWKHH[SHULPHQWDORQHVWDNHQIURPUHIHUHQFH>@
IRUWZRGLIIHUHQWVSHFLPHQVZKLFKLVFOHDUIURPWKHOLVWHGUHVXOWVLQ7DEOHDQGWKHGHIRUPHGVKDSHVLQ)LJ
7DEOH&RPSDULVRQRIXOWLPDWHORDGVEHWZHHQH[SHULPHQWDODQG)($
6SHFLPHQ
([SHULPHQWDO>@
3XH>N1@
)($
3XD>N1@ 3XD3XH
(3*67   
(3*67   
)LQLWHHOHPHQWVUHVXOWVDQGSDUDPHWULFVWXG\
7KHHIIHFWRIIULFWLRQEHWZHHQDOOWKHFRQWDFWVXUIDFHVDQGIXOO)LJGRUSDUWLDO)(PRGHOLQJ)LJD)LJE
DQG)LJFLVFKHFNHGDVVHHQLQ)LJDQG)LJ)URP)LJWKHHIIHFWRIWKHILQLWHHOHPHQWPRGHOLQJRQWKH
UHVXOWDQGRQ WKHIDLOXUHDQGGHIRUPDEOHVKDSHDQG LWVFOHDUO\QRWLFHG LQ)LJD7KHIUHHGLVSODFHPHQW LQ WKH\
GLUHFWLRQ WKLFNQHVV GLUHFWLRQ GXH WR WKH DEVHQFH RI EROW KHDGPRGHOLQJ OHDG WR GLIIHUHQW VKDSH RI GHIRUPDWLRQ
FXUOLQJZKLFKLVOHVVDQGWKLVGHIRUPDWLRQLVPRYHGIURPSRLQW3WRSRLQW3IRUWKDWWKHSODWHZLOOEHPRUHVWLIIHU
DQG KDYHPRUH VWUHQJWK DV VHHQ LQ )LJ 7KH GLIIHUHQFH EHWZHHQ RQH DQG WZR SODWHPRGHOLQJ LV FDXVHG E\ WKH
GLIIHUHQFHEHWZHHQWKHWZRORDGLQJVXUIDFHVZKLFKJHQHUDWHDQDGGLWLRQDOGHIRUPDWLRQFDXVHGE\EHQGLQJPRPHQWV
0[LQWZRSODWHPRGHOLQJ
$VDUHVXOWWKHIXOOPRGHOLQJRIWKHVSHFLPHQJLYHVWKHEHVWSUREOHPUHSUHVHQWDWLRQE\DGRSWLQJDOOWKHHIIHFWVRI
ORDGLQJHFFHQWULFLW\ERXQGDU\FRQGLWLRQVDQGIULFWLRQUHVLVWDQFH7KHIXOOJHRPHWU\PRGHOLQJZLWKIULFWLRQFULWHULDLV
DGRSWHGLQWKLVVWXG\WRVLPXODWHDOOWKHVSHFLPHQV
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7ZRSODWHVPRGHOLQJIRU(3*7
)ULFWLRQOHVVZLWKPRGHOHGEROWV
)ULFWLRQOHVV5LJLGEROWV
)ULFWLRQFRI ZLWKPRGHOHG
EROWV
)LJ(IIHFWRIIULFWLRQDQGEROWPRGHOLQJRQ)(UHVXOWV

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GLVSPP
(3*7)ULFWLRQOHVV
2QH3ODWH
RQHSODWHZLWKIXOOEROWVKDSH
7ZRSODWHV
)LJ(IIHFWRIJHRPHWU\PRGHOLQJRQ)(UHVXOWV
)LJ3ODWH'PHVKDQGERXQGDU\FRQGLWLRQV )LJ'HIRUPHGVKDSHIRUH[SHULPHQWDO>@DQGSUHVHQW)($
)(0([SHULPDQWDO
(3*67
)(0([SHULPDQWDO
(3*67
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
7KHREWDLQHGXOWLPDWHORDGVIURPWKHILQLWHHOHPHQWVDQDO\VLVDUHFRPSDUHGZLWKWKRVHREWDLQHGE\WKHFRGHVWR
HYDOXDWHWKHLUDQDO\WLFDOIRUPXODVVSHFLPHQVDUHPRGHOHGWRLQYHVWLJDWHWKHHIIHFWRIHDFKVWXGLHGSDUDPHWHUe1,
p1, e2,p2, and tRQWKHVWUHQJWKDQGIDLOXUHW\SH$OOWKHDQDO\WLFDODQGXOWLPDWHORDGV8/LQDGGLWLRQWRWKHIDLOXUH
W\SH)7IRUHDFKVSHFLPHQDUHOLVWHGLQWDEOHWDEOHDQGWDEOHDWDSSHQGL[$7KHGLIIHUHQWVDPSOHIDLOXUHW\SHV
DUHGHQRWHGVXFKDVEHDULQJ%LQQHUEORFNWHDULQJ%7,)LJRXWHUEORFNWHDULQJ%72)LJEORFNWHDULQJ
DWJURVVVHFWLRQ%7JJURVVVHFWLRQ*QHWVHFWLRQ1)LJQRQFRYHUDJHEORFNWHDULQJGXHWRFXUOLQJHIIHFWV
1%7 )LJ E VKHDU 6 QHWVHFWLRQ  VKHDU RU QRQFRPSOHWHG%7, RU %72 61 WHDULQJ FDOFXODWHG IURP
(TXDWLRQVDQG7
(QGGLVWDQFHe1SOD\VDPDMRUUROHWRLPSURYHWKHSODWHUHVLVWDQFHE\LQFUHDVLQJWKHVKHDUSDWKDVH[DPSOHZKHQe1
LVGRXEOHG(36WR(36WKHXOWLPDWHORDGLQFUHDVHVE\:LWKWKLVHYROXWLRQWKHIDLOXUHW\SHFDQ
FKDQJHVKHDUIDLOXUHIRU(3*DQGQHWVHFWLRQIDLOXUHIRU(3*
7KHVDPHUHVSRQVHWRWKHLQFUHDVLQJRIe1LVVHHQIRUWKHLQFUHDVLQJRIp1YDOXHV7KLVLQFUHDVHVXSSO\JRRGUHVXOWV
XQWLOdoDIWHU WKDWp1 =3 do WKHLPSURYHPHQWZLOOEHVPDOOEXW WKHIDLOXUH W\SHEHFDPHQHWVHFWLRQIRUDOO WKH
VSHFLPHQ
,QFUHDVHWKHHGJHGLVWDQFHe2DQGVWHSEHWZHHQEROWVp2LPSURYHWKHSODWHFDSDFLW\E\FKDQJLQJWKHIDLOXUHW\SHRU
LWVFULWLFDOYDOXHVXQWLOUHDFKEHVWYDOXHVZKHQe2 =SODWHZLGWK)RUWKDWWKHXOWLPDWHORDGLQFUHDVHVIURPN1
IRU(36WRN1IRU(3*VSHFLPHQ
&KDQJHSODWHWKLFNQHVVHQKDQFHGWKHXOWLPDWHORDGE\WKHVDPHSHUFHQWRIWKLFNQHVVLQFUHDVLQJDQGDOPRVWNHHSWKH
VDPHEHKDYLRXURIIDLOXUHHVSHFLDOO\IRUFULWLFDOYDOXHVRXWRIGHVLJQUDQJHDQGIRUWKHGLVWDQFHVZLWKLQGHVLJQOLPLWV
FXUOLQJHIIHFWLVUHGXFHGZKHQWKLFNQHVVLQFUHDVHG
7RGULYH WKHSURSRVDO IRUPXOD WKHGHIRUPHGVKDSHDQG WKHVWUHVVHVPXVWEHVWXGLHG WRFRQFOXGH WKHFRQWUROOHU
SDUDPHWHURQ WKHSODWH VWUHQJWK7KHYRQ0LVHVDQG WKH VKHDU VWUHVVHV UHSUHVHQW WKH VWUHVVHVFRUUHVSRQGLQJ WR WKH
WHQVLRQDQGVKHDUIDLOXUHLQHDFKVSHFLPHQ7KHILJXUHVWRVKRZVDOOWKHIDLOXUHW\SHVWKDWDUHXVHGWRFDOFXODWH
WKHXOWLPDWHORDGE\WKHDQDO\WLFDOIRUPXOD
7KLVIRUPXODDOORZVFDOFXODWLQJDOOWKHIDLOXUHPRGHVDQGWKHLUFRUUHVSRQGLQJXOWLPDWHORDGV
• %ORFNWHDULQJWKH$,6&IRUPXOD(TXUHODWHGIRUQHWVKHDUDUHDAnvLVDYHU\JRRGZD\WRFDOFXODWHWKLV
IDLOXUH W\SHEXW WKLV UHVLVWDQFHFDQEH LQFUHDVHEH LQFUHDVLQJ WKH OHQJWKLnvFRUUHVSRQGHQFH WR WKHe1GLVWDQFH
)LJE7KLVOLQHZLOOEHKRUL]RQWDOEHWZHHQWKHWZREROWVLQGLUHFWLRQRIp1DVVKRZHGLQ)LJDDQGLQFOLQHG
ZLWKDQJOHDVVHHQLQ)LJEWKHIRUPXODPXVWEHFKHFNWRWKHWZRW\SHRIEORFNWHDULQJIDLOXUH%7,DQG
%72 
ununvBT fAfAF  += 
• 6KHDUIDLOXUH)LJLnv LVFDOFXODWHGIURPWKHVDPHIRUPXODRI$,6&
 unvS fAF = 
ED
F G
)LJ9RQ0LVHVVWUHVVHVIRU(3*ZLWKGLIIHUHQW)(PRGHOLQJ
D2QHSODWHZLWKULJLGEROWVE2QHSODWHZLWKIXOOVKDSHEROWV
F7ZRSODWHVZLWKULJLGEROWVG7ZRSODWHVZLWKPRGHOHGEROWV
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• 1HWVHFWLRQIDLOXUH
uvN fAF = 
• 7KHEORFNWHDULQJFDQEHGHIRUPHGWRDQRWKHUIRUP1%7EHFDXVHRIWKHFXUOLQJHIIHFWWRFRQYHUWWKHVKDSHRI
IDLOXUHIURPDWREDW)LJ7KLVGHIRUPDWLRQFXUOLQJLVVWDUWHGDWHDUO\ORDGLQJWLPHDQGLQFUHDVHGUDSLGO\WR
UHDFKPPLQ\GLUHFWLRQDWSRLQW3)LJ
)URPDSSHQGL[$7DEOHDQGVKRZWKHGLIIHUHQFHEHWZHHQWKHGHVLJQFRGHV)($DQGWKHSURSRVDODQDO\WLFDO
IRUPXOD7KHUDWLREHWZHHQWKHYDOXHVJLYHQE\DQDO\WLFDOIRUPXODDQGWKH)(XOWLPDWHORDGVYDULHVIURPWR
IRUDOOWKHVSHFLPHQV9DOXHVRIWKHUDWLRXQGHUUHSUHVHQWFRQVHUYDWLYHOLPLWVDQGYDOXHVRYHUFRUUHVSRQG
WRFDVHVZLWKXQVDIHGHVLJQV7KHXQVDIHYDOXHVFRQFHUQVSHFLPHQVDPRQJDQDO\VHG7KHVLJQLILFDQWGLIIHUHQFHV
EHWZHHQWKHSURSRVHGYDOXHVDQGWKHYDOXHVREWDLQHGIURPWKHFRGHVDUHQRWLFHG7KHVHGHIHQFHVLVGXHWRWKHOLPLWDWLRQ
RIGHVLJQXOWLPDWHORDGVE\JURVVDUHDFDOFXODWLRQVZKLFKUHGXFHVWKHVHFWLRQFDSDFLW\LQWHQVLRQDQGVKHDU$QRWKHU
UHGXFWLRQWRWKHXOWLPDWHYDOXHVLVDGGHGIRUERWKFRGHVE\PLQLPL]LQJWKHQHWVHFWLRQDUHDLQWKHFDOFXODWLRQRIWKH
IDLOXUHLQWHQVLRQ
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)LJ6KHDUDQG90VWUHVVIRU(36IDLOXUHW\SH%72)LJ6KHDUDQG90VWUHVVIRU(36IDLOXUHW\SH%7,
)LJ90VWUHVVIRU
(3*IDLOXUHW\SH1
)LJ6KHDUVWUHVVIRU
(3*IDLOXUHW\SH6
D E
)LJ6KHDUOHQJWKFDOFXODWLRQV
7HQVLRQ
D E
6KHDU
)LJ&XUOLQJHIIHFWRQEORFNIDLOXUHVD
ZLWKRXWFXUOLQJDQGEZLWKFXUOLQJ
)LJ(3*7VSHFLPHQ
DORDGGLVSODFHPHQWFXUYHEXGLVSODFHPHQWDW3
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&RQFOXVLRQ
$QXPHULFDOPRGHOLVSURSRVHGDQGYDOLGDWHGRQWKHEDVLVRIH[SHULPHQWDOUHVXOWV,WVUHVXOWVDUHFRPSDUHGZLWK
WKRVHJLYHQE\WZRGHVLJQFRGHV$IRUPXODLVSURSRVHGWRFDOFXODWHWKHXOWLPDWHORDG'LIIHUHQWFRQFOXVLRQVPD\EH
QRWHGIURPWKLVSDSHUVXFKDV
• )LQLWHHOHPHQWDQDO\VLVXVLQJ$EDTXVSURJUDPVKRZVJRRGDJUHHPHQWZLWKH[SHULPHQWDOUHVXOWVDQGWKHGLIIHUHQFH
EHWZHHQWKHILQLWHHOHPHQWVUHVXOWDQGWKHH[SHULPHQWDOLVDERXWIRUWKHWZRVSHFLPHQV
• ,QFUHDVLQJHQGGLVWDQFHe1DQGEROWVVSDFLQJp1OHDGVWRLQFUHDVHWKHVHFWLRQUHVLVWDQFHDQGVXSSOLHVGLIIHUHQW
EHKDYLRUVRPH WLPHV WKLV LQFUHDVHEHFDPHVPDOOZKHQ WKHVHGLVWDQFHV LQFUHDVHGIURP2.5 do WR3 doZKLOH WKH
IDLOXUHPRGHEHFDPHQHWVHFWLRQIDLOXUHIRUDOOVSHFLPHQV
• )RUHQGHGJHGLVWDQFHe2DQGWKHVWHSp2 WKHLQFUHDVLQJRIWKHVHYDOXHVOHDGVWRFKDQJHWKHIDLOXUHW\SHDQG
LQFUHDVLQJWKHXOWLPDWHORDGZKLFKFDQUHDFKWR5HVSHFWLQJWRWKHPLQLPXPGLVWDQFHUHTXLUHPHQWVIRUERWK
FRGHVSUHYHQWVWKHHDUO\IDLOXUHDQGLQFUHDVHWKHVHFWLRQFDSDFLW\
• )RUWKHFDVHRIe1 = 10 tQRVLJQLILFDQWLQFUHDVLQJLQWKHVHFWLRQFDSDFLW\LVQRWLFHGEHFDXVHFXUOLQJDSSHDUZKLOH
ZKHQe1 =1doFXUOLQJZLOODSSHDUDOOWKHWLPHVDQGZLOOFKDQJHWKHHVWLPDWHGIDLOXUHW\SHWRDQRWKHUVKDSH)LJ

• :LWKWZRJURXSVRIEROWVWKHIDLOXUHEHKDYLRUEHFRPHVPRUHFRPSOLFDWHGEHFDXVHRIWKHLQWHUDFWLRQEHWZHHQPRUH
WKDQRQHIDLOXUHW\SHDQGIRUWKLVUHDVRQVRPHYDOXHVIURPWKHDQDO\WLFDOIRUPXODVJLYHVKLJKHUYDOXHVWKDWREWDLQHG
IURP)(
• %HFDXVHRIDGRSWLQJfyLQVWHDGRIfuIRUJURVVVHFWLRQDQGEORFNWHDULQJDWJURVVOHQJWKDQGUHGXFHGQHWVHFWLRQ
DUHDERWKFRGHVJLYHVDVPDOOYDOXHVWRFRPSXWHWKHXOWLPDWHORDGVDQGWKLVYDOXHZLOOKDYHDQRWKHUUHGXFWLRQE\
VDIHW\IDFWRUWKHUHIRUHQRQHFRQRPLFDOGHVLJQZLOOVXEPLWLQVRPHFDVHV
• VSHFLPHQEHWZHHQJLYHGLIIHUHQWIDLOXUHW\SHRUKLJKHUXOWLPDWHORDGVWKDQWKDWREWDLQHGIURP)($WKHUHIRUH
WKHSURSRVHGDQDO\WLFDOIRUPXODJLYHVDQDOWHUQDWLYHZD\WRGHVLJQWKHSODWHVHFWLRQWRLWVXOWLPDWHUHVLVWDQFH
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